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(54) Mobile communication system with frequency and time slot sharing in TDMA and CDMA 
signals for quality improvement 



(57) A mobile communication system is provided for 
implementing a frequency sharing and a time slot shar- 
ing using a communication signal including a plurality of 
TDMA signals and/or the time divided CDMA signals, to 
supply the mobile communication system with an 
improved overall communication quality. The system 
includes using the communication signal from a plurality 
of multiple access method for sharing frequency and 
time. The TDMA signals identified by synchronization 
word code have a different synchronization word code 
from each other, which are assigned to the same fre- 
quency and time slot. A time divided CDMA signal is fre- 
quency spreaded by spreading codes which is assigned 
to time divided time slot. The system also includes sta- 
tions (3, 4) which regenerate the time divided CDMA 
shared signal from the received communication signal, 
and after a removal of the shared signal from the com- 
munication signal the TDMA signal synchronization 
word code is regenerated as a desired signal. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 5 

The invention is about a mobile communication sys- 
tem that uses the foliowings: a frequency division multi- 
ple access method (FDMA), a time division multiple 
access method (TDM A), and a code division multiple 10 
access method (CDMA) or time divided code division 
multiple access method (time divided CDMA). The 
invention is related to a mobile communication system 
which provides the implementations of a radio fre- 
quency spectrum sharing (hereinafter frequency shar- 15 
ing) and a time slot sharing within a frame (hereinafter 
time slot sharing). 

2. Description of the related art 

20 

The mobile communication system, for example, 
includes a plurality of mobile stations and at least a 
base station. Examples of the mobile station include an 
automobile communication equipment and a portable 
communication terminal. The base station communi- 25 
cates with the mobile station through a radio channel. 
An advancement in the future of mobile communication 
system is highly expected particularly for the frequency 
sharing and the time slot sharing of the FDMA, TDMA 
and CDMA methods, from the viewpoint of channel effi- 30 
ciency. 

The frequency sharing by different spreading codes 
has already been implemented in the CDMA method. 

The following methods in mobile communication 
system are filed by us as patent applications: a time slot 35 
sharing by TDMA signals and time divided CDMA sig- 
nals within the same time slot; and a frequency sharing 
and time slot sharing by TDMA signals and time divided 
CDMA signals within the same time slot. (US Serial No. 
08/524974 Filed:Sept.8,1995; PCT/JP96/03507, 40 
Filed:Nov.29, 1996; PCT/JP97/01 1 13 Filed:March 31, 
1997). 

With regard to a system of sharing a plurality of 
CDMA signals, for example, is disclosed in 
USP5.363.403 ..Speed Spectrum CDMA Subtractive 45 
Interference Canceler and Method" (IDC, by D. L Schill- 
ing et a/., Filed: April 22 1993). However, the patent 
specification does not disclose a system to handle time 
divided CDMA method. 

With regard to an adaptive filter of the time divided so 
CDMA method, for example, is disclosed in 
USP5.51 1 ,068 ..Mobile Communication System capa- 
ble of Transmitting and Receiving a Radio Signal 
obtained by TDMA and CDMA without Interference" 
(NEC, by T. Sato, Filed: December 6, 1994). However, 55 
the patent specification does not disclose the frequency 
sharing of CDMA signal and TDMA signal within a same 
time slot. 



The problem with the conventional mobile commu- 
nication system is that it does not mention an effective 
method for a channel sharing the various access meth- 
ods. That is, it does not mention about a method of the 
frequency sharing and the time slot sharing by a plural- 
ity of TDMA signals, nor about a method of the time slot 
sharing by the time divided CDMA signals. In addition, 
for communication between the mobile station and base 
station, an effective method to assign the TDMA signals 
and time divided CDMA signals in each communication 
from the viewpoint of the communication quality of the 
whole system is not indicated. 

SUMMARY OF THE INVENTION 

The invention attempts to solve the problems men- 
tioned above, aiming to supply a mobile communication 
system implementing the frequency sharing and the 
time slot sharing of the plurality of TDMA signals or the 
time divided CDMA signals. Further, for such frequency 
sharing and time slot sharing, the invention is aiming to 
supply a mobile communication system with improved 
communication quality of the whole system. 

According to one aspect of the present invention, a 
mobile communication system for radio communication 
comprises stations including a plurality of mobile sta- 
tions and at least a base station, wherein the mobile 
communication is performed between the stations with 
a communication signal using a determined method 
from a plurality of multiple access methods in sharing 
one of frequency and time. The stations include a 
receiving unit for receiving a communication signal 
including: a TDMA signal identified by synchronization 
word code having a different synchronization word code 
from each other, and assigned to the same frequency 
and time slot, based on TDMA method; and a time 
divided CDMA signal, frequency spreaded by a spread 
code and is assigned to time division time slot, based on 
CDMA method. The stations also include: a shared sig- 
nal regeneration unit for regenerating the time divided 
CDMA signal from the received communication signal 
and for outputting a shared signal; a shared signal 
removing unit for removing the shared signal from the 
communication signal; and a desired signal regenera- 
tion unit for regenerating the TDMA signal identified by 
synchronization word code after removal of the shared 
signal from the communication signal and for outputting 
a desired signal. 

According to another aspect of the invention, a 
mobile communication system for radio communication 
comprises stations including a plurality of mobile sta- 
tions and at least a base station, wherein the mobile 
communication is performed between the stations with 
a communication signal using a determined method 
from a plurality of multiple access methods in sharing 
one of frequency and time. The stations include a 
receiving unit for receiving a communication signal 
including: a TDMA signal identified by synchronization 
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word code having a different synchronization word code 
from each other, and assigned to the same frequency 
and time slot, based on TDM A method; and a time 
divided CDMA signal, frequency spreaded by a spread 
code and is assigned to time division time slot, based on 
CDMA method. The stations also include: a shared sig- 
nal regeneration unit for regenerating the TDMA signal 
identified by synchronization word code from the 
received communication signal and for outputting a 
shared signal; a shared signal removing unit for remov- 
ing the shared signal from the communication signal; 
and a desired signal regeneration unit for regenerating 
the time divided CDMA signal after removal of the 
shared signal from the communication signal and for 
outputting a desired signal. 

According to another aspect of the present inven- 
tion, a mobile communication system for radio commu- 
nication comprises stations including a plurality of 
mobile stations and at least a base station, wherein the 
mobile communication is performed between stations 
with a communication signal using a determined 
method from a plurality of multiple access methods in 
sharing one of frequency and time. The stations include 
a receiving unit for receiving a communication signal 
including: a TDMA signal identified by synchronization 
word code having a different synchronization word code 
from each other, and assigned to the same frequency 
and time slot, based on TDMA method; and a time 
divided CDMA signal, frequency spreaded by a spread 
code and is assigned to time division time slot, based on 
CDMA method. The stations also include: a base sta- 
tion control data memory unit for storing information for 
identifying access method as control data showing 
spreading code used in creating the time divided CDMA 
signal and synchronization word code used in the 
TDMA signal identified by synchronization word code, 
for the communication signal used within the service 
area of the base station; and a base station access 
method control unit for controlling multiple access meth- 
ods between a plurality of mobile stations and a base 
station within the service area of the base station, 
based on the control data. 

A mobile communication system for radio commu- 
nication comprises stations including a plurality of 
mobile stations and at least a base station, wherein the 
mobile communication is performed between stations 
with a communication signal using a determined 
method from a plurality of multiple access methods in 
sharing one of frequency and time. The stations include: 
a receiving unit for receiving a communication signal 
including: a TDMA signal identified by synchronization 
word code having a different synchronization word 
codes from each other, and assigned to the same fre- 
quency and time slot, based on TDMA method; and a 
time divided CDMA signal, frequency spreaded by a 
spread code and is assigned to time division time slot, 
based on CDMA method. The stations also include a 
mobile switching center, connected to the base station, 



for controlling the multiple access methods used in the 
mobile communication system. The mobile switching 
center includes: a system control data memory unit for 
storing information for access method as control data 

5 showing spreading code used in creating the time 
divided CDMA signal and synchronization word code 
used in the TDMA signal identified by synchronization 
word code, for the communication signal used within the 
mobile communication system; and a system access 

w method control unit for controlling multiple access meth- 
ods between a plurality of mobile stations and at least a 
base station within the mobile communication system, 
based on the control data. 

The base station access method control unit and 

is the system access method control unit stores control 
data for each access method identified by information 
for identifying access method showing spreading code 
and synchronization word code. The control data has 
information on transmitting/receiving powers related to 

20 transmitting power at base station, receiving power at 
base station, transmitting power at mobile station and 
receiving power at mobile station. The base station has 
a plurality of shared signal regeneration units and a plu- 
rality of desired signal regeneration units corresponding 

25 to multiple access methods. 

The station stores a control data for each access 
method identified by method using information for iden- 
tifying access method showing spreading code and syn- 
chronization word code, and wherein the control data 

30 includes operation information of each of the shared 
signal regeneration units and each of the desired signal 
regeneration unit. 

The one of the shared signal regeneration unit and 
the desired signal regeneration unit corresponding to 

35 the multiple access method is assigned to the commu- 
nication signal depending on receiving power of the 
communication signal transmitted from the mobile sta- 
tion and received at the base station. 

The system decides a handoff of the mobile station 

40 depending on a receiving power of a communication 
signal transmitted from a mobile station and received at 
a base station and a transmitting power of a communi- 
cation signal transmitted from the base station to the 
mobile station. Based on the decision, adjoining base 

45 stations from the base station receive communication 
signal from the mobile station and the system decides a 
handoff destination of the base station based on the 
receiving powers at the adjoining base stations. 

The one of the shared signal regeneration unit and 

so the desired signal regeneration unit corresponding to 
the multiple access method is assigned to the commu- 
nication signal depending on receiving power of the 
TDMA signal and the time divided CDMA signals at the 
handoff destination base station in case of making 

55 handoff to TDMA signal sharing frequency and time slot 
with time divided CDMA signal. 

A mobile communication system for radio commu- 
nication comprises stations including a plurality of 
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mobile stations and at least a base station, wherein the 
mobile communication is performed between stations 
with a communication signal using a determined 
method from a plurality of multiple access methods in 
sharing one of frequency and time. The stations s 
includes a receiving unit for receiving a communication 
signal including a TDMA signal identified by synchroni- 
zation word code having a different synchronization 
word code from each other, and assigned to the same 
frequency and time slot, based on TDMA method. The w 
mobile station performs communication with the base 
station using the TDMA signal identified by synchroni- 
zation word code, and performs communication with the 
adjoining base stations using TDMA signal identified by 
synchronization word code that has a different synchro- 75 
nization word code from the previously used TDMA sig- 
nal identified by synchronization word code upon 
handoff. 

According to another aspect of the present inven- 
tion, a mobile communication system for radio commu- 20 
nication comprises stations including a plurality of 
mobile stations and at least a base station, wherein the 
mobile communication is performed between stations 
with a communication signal using a determined 
method from a plurality of multiple access methods in 25 
sharing one of frequency and time. The station includes 
a receiving unit for receiving a communication signal 
including: a TDMA signal identified by synchronization 
word code having a different synchronization word code 
from each other, and assigned to the same frequency 30 
and time slot, based on TDMA method; and a time 
divided CDMA signal, frequency spreaded by a spread 
code and is assigned to time division time slot, based on 
CDMA method. Within the base station divides a radio 
coverage into a concentric zones centering the base 35 
station, wherein the concentric zones are correspond- 
ing to time slot of one of: TDMA signal, TDMA signal 
identified by synchronization word code, and time 
divided CDMA signal. 

In a case when a mobile station is situated inside 40 
the concentric zones of radio coverage, which is 
assigned with time divided communication signal hav- 
ing time slot corresponding to the concentric zone, and 
moves to an another concentric zone, the mobile station 
is to be assigned with a time divided communication sig- 45 
nal having time slot corresponding to a new concentric 
zone. 

In a case when a mobile station is situated at an 
outermost of the concentric zone, the mobile station 
performs handoff to time divided communication signal 50 
having time slot corresponding to the outermost con- 
centric zone of radio coverage by an adjoining base sta- 
tion. 

In a case that a mobile station transmits a commu- 
nication signal at a maximum transmitting power and a 55 
base station receives the communication signal at a 
minimum receiving intensity based on a predetermined 
threshold value, the mobile station is determined to be 



situated at the outermost concentric zone of radio cov- 
erage by base station. 

In a case when a number of mobile stations, situ- 
ated inside the concentric zones of radio coverage, 
each of which is assigned with time divided communica- 
tion signal having time slot corresponding to the con- 
centric zone, has exceeded the pre-determined value, 
the mobile station is assigned with a time divided com- 
munication signal having a new time slot is assigned 
according to the new time slot that does not correspond 
to the previous time slot. 

Ihe mobile station situated inside the concentric 
zones of radio coverage, which is assigned with time 
divided communication signal having time slot corre- 
sponding to the concentric zone, adjusts a transmitting 
power of the mobile station to be able to receive the 
communication signal at base station within the level of 
receiving power based on a pre-determined minimum 
receiving intensity. The base station adjusts transmitting 
power at the base station to receive the communication 
signal at mobile station within the level of receiving 
power based on a pre-determined minimum receiving 
intensity. 

According to another aspect of the present inven- 
tion, a mobile communication method for radio commu- 
nication having stations including a plurality of mobile 
stations and at least a base station, wherein the mobile 
communication is performed between the stations with 
a communication signal using a determined method 
from a plurality of multiple access methods in sharing 
one of frequency and time. The method comprising 
steps of receiving a communication signal including: a 
TDMA signal identified by synchronization word code 
having a different synchronization word code from each 
other, and assigned to the same frequency and time 
slot, based on TDMA method; and a time divided CDMA 
signal, frequency spreaded by a spread code and is 
assigned to time division time slot, based on CDMA 
method. The method also comprises further steps of: 
regenerating one of the time divided CDMA signal and 
the TDMA signal identified by synchronization word 
code from the received communication signal as a 
shared signal and for outputting the shared signal; 
removing the shared signal from the communication 
signal; and regenerating one of the TDMA signal identi- 
fied by synchronization word code and the time divided 
CDMA signal as a desired signal after removal of the 
shared signal from the communication signal and for 
outputting the desired signal. 

Further scope of applicability of the present inven- 
tion will become apparent from the detailed description 
given hereinafter. However, it should be understood that 
the detailed description and specific examples, while 
indicating preferred embodiments of the invention, are 
given by way of illustration only, since various changes 
and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art 
from this detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully under- 
stood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way s 
of illustration only, and thus do not limit the present 
invention, and wherein: 

Fig.1 is a mobile communication system block chart 
for the embodiment 1 ; 10 
Fig.2 is a frequency spectrum of the frequency 
sharing communication signal received at base sta- 
tion for the embodiment 1 ; 
Fig.3 is illustrating a structure of TDMA signal iden- 
tified by synchronization word code for the embodi- 15 
ment 1 ; 

Fig. 4 is a detailed chart explaining a relationship 
between the frequency spectrum and the time slot 
of communication signal for the embodiment 1 ; 
Fig.5 is a block chart of antenna diversity receiver 20 
for the embodiment 1 (1/2); 
Fig.6 is a block chart of antenna diversity receiver 
for the embodiment 1 (2/2); 
Fig.7 is a block chart of mobile switching center for 
the embodiment 2; 25 
Fig.8 is a control table explaining the communica- 
tion method parameters for the embodiment 2; 
Fig.9 is a mobile communication system block chart 
for the embodiment 3; 

Fig. 10 is a control table explaining the transmit- 30 
ting/receiving power information for the embodi- 
ment 3; 

Fig. 11 is a frequency spectrum of frequency shar- 
ing communication signal received at the mobile 
station for the embodiment 3; 35 
Fig. 12 is a frequency spectrum of frequency shar- 
ing communication signal received at the base sta- 
tion for the embodiment 3; 
Fig. 13 is a control table explaining the operational 
information of shared signal canceler and desired 40 
signal receiver for the embodiment 3; 
Fig. 14 is a block chart of antenna diversity receiver 
for the embodiment 3 (1/2); 
Fig. 15 is a block chart of antenna diversity receiver 
for the embodiment 3 (2/2) ; 45 
Fig. 16 is an another mobile communication system 
block for the embodiment 3; 
Fig. 17 is a control table explaining information on 
receiving power for deciding handoff for the embod- 
iment 3; 50 
Fig. 18 is a flow chart of handoff sequence for the 
embodiment 3; 

Fig. 19 is a frequency spectrum of frequency shar- 
ing communication signal received at the base sta- 
tion for the embodiment 4; 55 
Fig.20 is a control table explaining the operational 
information of shared signal canceler and desired 
signal receiver for the embodiment 4; 



Fig.21 is a flow chart of handoff sequence for the 
embodiment 4; 

Fig.22 is explaining a handoff process for the 
embodiment 4; 

Fig.23 is a block chart of the method setting proces- 
sor inside the mobile switching center for the 
embodiment 4; 

Fig.24 is a frequency spectrum of frequency shar- 
ing communication signal received at the base sta- 
tion for the embodiment 5; 
Fig.25 is a control table explaining the operational 
information of shared signal canceler and desired 
signal receiver for the embodiment 5; 
Fig.26 is a frequency spectrum of frequency shar- 
ing communication signal received at the base sta- 
tion for the embodiment 5; 
Fig.27 is a control table explaining the operational 
information of shared signal canceler and desired 
signal receiver for the embodiment 5; 
Fig.28 is a flow chart of handoff sequence for the 
embodiment 5; 

Fig.29 is explaining a handoff process for the 
embodiment 5; 

Fig.30 is a configuration of zones in the mobile 
communication system for the embodiment 6; 
Fig.31 is explaining a relationship between fre- 
quency spectrum and time slot for the communica- 
tion signal; 

Fig.32 is a detailed chart explaining a relationship 
between the frequency spectrum and the time slot 
of communication signal for the embodiment 6; 
Fig.33 is a control table of radio method parameters 
for the embodiment 6; 

Fig.34 is a control table of radio method parameters 
for the embodiment 6; 

Fig.35 is a control table of radio method parameters 
for the embodiment 7; 

Fig.36 is a configuration of zones in the mobile 
communication system for the embodiment 7; 
Fig.37 is a chart explaining a relationship between 
the frequency spectrum and the time slot of com- 
munication signal for the embodiment 7; and 
Fig.38 is a detailed chart explaining a relationship 
between the frequency spectrum and the time slot 
of communication signal for the embodiment 7. 

DETAILED DES C RIPTION OF T HE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of 
which are illustrated in the accompanying drawings, 
wherein like reference numerals indicate like elements 
throughout the several views. 

Embodiment 1 . 

The mobile communication system of embodiment 
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1 according to this invention is described below. 

Fig.1 is a block chart on the implemented system 
for time slot sharing and frequency sharing in the mobile 
communication system for embodiment 1. Following is 
the description of numbered components indicated in 5 
the figure. 1 and 2 are mobile stations (MS) such as the 
automobile and cellular communications equipment. 3 
and 4 are base stations (BS) that communicates with 
the mobile station 1 (MS1) and the mobile station 2 
(MS2) through radio channels. 5 and 6 are radio cover- w 
age (hereinafter cells) comprising of the base station 3 
(BS1) and the base station 4 (BS2). 7 and 8 are diver- 
sity antennas of the base station 3 (BS1) and 9 and 10 
are diversity antennas of the base station 4 (BS2). 1 1 is 
a mobile switching center (MSG) controlling various 15 
communications at the base station 3 (BS1) and the 
base station 4 (BS2). The mobile switching center 1 1 is 
connected to a public switching telephone network 12 
(PSTN). Sync W1 and Sync W2 in the figure are syn- 
chronization word codes used as communication sig- 20 
nals in the TDMA system, which will be described later. 

As a modulation method from the mobile station 1 
(MS1) and the mobile station 2 (MS2) to the base sta- 
tion 3 (BS1) and the base station 4 (BS2), following are 
the examples on digital modulation methods being 25 
used: frequency shifting keying (FSK); binary phase 
shifting keying (BPSK); quadrature phase shift keying 
(QPSK); quadrature differential phase shift keying 
(QPSK); 7i/4-quadrature differential phase shift keying 
(tc/4-QDPSK); quadrature amplitude minimum shift key- 30 
ing (QAMSK); and quadrature gaussian minimum shift 
keying (QGMSK). 

As a multiple access method, following methods 
are being used: FDMA, TDMA, CDMA and time divided 
CDMA. 35 

Following bi-directional communication methods 
are being used: a frequency division duplex (FDD) 
method that divides frequency of transmitter and 
receiver signals; and time division duplex (TDD) method 
that divides time of transmitter and receiver signals. 40 

Fig.2 explains on a frequency spectrum of the fre- 
quency sharing of a communication signal received at 
base station for the embodiment 1. In Fig.2, the horizon- 
tal axis is the frequency and the vertical axis is a signal 
power corresponding to a level of receiving power at the 45 
base station. The TDMA signals #16A and #16B appear 
to be displaced on the frequency axis, however, it 
should be noted that both #16A and #16B are on a 
same frequency channel. On this chart, FDMA signal 
#15 and the two TDMA signals #16A and #16B are so 
sharing a part of the frequency spectrum with time 
CDMA signals #17, #18 and #19 (meaning of „time divi- 
sion" will be described later). Particularly, as will be 
mentioned later, TDMA signals #16A and #16B are on 
the same time slot and on the same frequency channel, ss 
The two TDMA signals #16A and #16B are TDMA sig- 
nals for frequency sharing and time slot sharing. A 
detailed arrangement for each signal of frequency/time 



is illustrated on the first time slot of Fig.4. 

Fig.3 is a configuration for time slot of TDMA signal 
for previously described time slot sharing and the fre- 
quency sharing. As this figure is showing, the synchro- 
nization word codes for the two TDMA signals 1 3 and 1 4 
are different, and the difference allows for it to act as a 
signal identifier from each other (hereinafter TDMA sig- 
nal for time slot sharing and frequency sharing is 
referred to as „TDMA signal identified by synchroniza- 
tion word codes"). 

For such TDMA signal identified by synchronization 
word codes, „a system to use the same frequency chan- 
nel and same time slot simultaneously by a plurality of 
users" is mentioned in a paper by Jin Yoshino et a/., 
entitled ..Performance of Interference Canceling Equal- 
izer (ICE) for Mobile Radio Communication", Institute of 
Electronics, Information and Communication Engineers 
of Japan, 1996 Communication Society Conference 
Paper B-412. The paper only deals with a system for 
TDMA signal only. In the embodiment 1 , a system deals 
not only with the TDMA signal but also the time divided 
CDMA signal as well. 

Fig.4 is a detailed chart for time slot sharing and 
frequency sharing of communication signals, on the 
relationship of frequency spectrum and time slot for 
embodiment 1. 

The horizontal axis is a frequency, and the vertical 
axis is a time in Fig.4. Frequency f1~f1 1 on the horizon- 
tal axis is indicating frequencies. TX is the time 
assigned for the base station transmitter, and RX is the 
time assigned for the base station receiver. T1-T4 is the 
time segments that time divides the time TX assigned 
for transmitter into four. R1-R4 is the time segments 
that time divides the time RX assigned for receiver into 
four. In the TDD system, one set of TX and RX makes 
one frame. That is, in the embodiment, a single frame is, 
divided into half to make two half frames for transmitter 
and receiver. The divided frames are time divided into 
four each. However, the number of time slot is not lim- 
ited to this example. 

Slot 21Ctx is transmitting time slot of time divided 
CDMA type, and slot 21Crx is receiving time slot of the 
same type. In the present mobile communication sys- 
tem, the signals based on CDMA is segmented by 
means of time slots. The time divided CDMA signals 
#17, #18 and #19 with three different spreading codes 
are assigned to the slot 21Ctx/21Crx. Instead, like a 
general CDMA signal, all of the time slots can be 
assigned to a single CDMA signal. In such a case, sim- 
ilarly to time segment T1, time segments of T2, T3 and 
T4 can be used by the same CDMA signal. 

The followings are the time divided CDMA type for 
transmitting and receiving time slots, namely (transmit- 
ter/receiver pair): slot 22Ctx/22Crx, slot 23Ctx/23Crx, 
slot 31Ctx/31Crx, and slot 32Ctx/32Crx, as well as slot 
21Ctx/21Crx. The time divided CDMA signals #2, #3, #4 
and #5 are assigned to the respective time slots. 

Slot 16TABtx/16TABrx is the TDMA type of time 
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slot. In this slot, two different synchronization TDM A sig- 
nals identified by synchronization word codes are 
assigned. (TDMA signals #16A and #16B of Fig.2). 
Likewise, slot 23Ttx/23Trx, slot 24Ttx/24Trx, slot 
25Ttx/25Trx, and slot 32Ttx/32Trx are the TDMA type of 
time slots. 

Slot 26Ftx/26Frx is a FDMA-TDD type of time slot, 
which is used in a control channel or a radiotelephone 
communication channel. Slot 27FA and 27FB are 
FDMA-FDD type of frequency slots. 

An intermingled relationship between the FDMA 
signal, the TDMA signal identified by synchronization 
word codes, and the time divided CDMA signal as 
shown in Fig.2 are illustrated on a region of frequency f5 
and f6 and transmitter and receiver time segments T1 
and R1 of Fig.4. In this region, the time divided CDMA 
signals #1 7. #1 8 and #1 9 (slot 21 Ctx/21 Crx) are sharing 
a part of frequency and a time segment (T1/R1) with the 
followings: a FDMA-FDD signal (slot 27FA); a FDMA- 
TDD signal (slot 26Ftx/26Frx); the TDMA signal identi- 
fied by synchronization word codes (slot 
1 6TABtx/1 6TABrx) . 

Likewise, a TDMA signal (slot 23Ttx/23Trx) is shar- 
ing a part of frequency and a time segment (T4/R4) with 
time divided CDMA signal #3 (slot 23Ctx/23Crx). 

Likewise, a time divided CDMA signal #5 (slot 
32Ctx/32Crx) is sharing a part of frequency and a time 
segment (T3/R3)with the FDMA-FDD signal (slot 27FA); 
the FDMA-TDD signal (slot 26Ftx/26Frx); and the 
TDMA signal (slot 32Ttx/32Trx). 

Figs.5 and 6 are block charts of antenna diversity 
receivers (hereinafter receiver) of the mobile communi- 
cation system of embodiment 1. The receiver is set at 
either the mobile station or base station where CDMA 
signal or time divided CDMA signal carried by a 
received communication signal is regenerated as a 
shared signal. The receiver has a function to cancel the 
shared signal from the communication signal and 
extract TDMA signals #16A and #16B identified by syn- 
chronization word codes as a desired signal shown in 
Figs.2 and 3. 

In Fig.5, 41 and 42 are diversity antennas (hereinaf- 
ter antenna) that are equivalent to 7 and 8 or 9 and 10 
of Fig.1. 43 and 44 are RF amplifiers (RF/IF AMP). 
Antennas 41 and 42 inputs a communication signal 
which is a radio frequency signal. Hie radio frequency 
signal is amplified by a fixed amplification factor in the 
RF/IF AMR The amplified radio frequency signal is 
mixed with a locally oscillated signal outputted from a 
local oscillator (not illustrated) and is transformed into 
an intermediate frequency signal in the RF/IF AMR The 
intermediate frequency signal has the following fre- 
quency components: an intermediate frequency fO of 
the CDMA signal or time divided CDMA signal; and an 
intermediate frequency f0+n*fd of the FDMA signal or 
TDMA signal which is the desired signal(n : 0,1,2..., fd : 
frequency interval for a contiguous channel of the 
FDMA signal or TDMA signal). 



The dotted outlines on Fig.5 (69-1 and 69-2) are for 
regenerating shared signals which is an interference 
signal within a communication signal. The required 
number of shared signal regeneration units of shared 

5 signals that need be generated and canceled is pre- 
pared. Fig.5 illustrates two shared signal generation 
units that uses time divided CDMA signal as the shared 
signal. Following is a detailed explanation on the config- 
uration of the shared signal regeneration unit. 

10 45 and 46 are CDMA orthogonal code correlators 
(hereinafter correlator) that inputs the intermediate fre- 
quency signals output from RF amplifiers 43 and 44. 
The correlator uses an correlated code signal from a 
correlated code generator 47-1(47-2) to extract a sym- 

is bol rate signal from the CDMA signal or the time divided 
CDMA signal. The symbol rate signal detected by the 
correlators 45 and 46 are input to equalizers 48 and 49, 
which cancels the interference caused by multipath 
transmissions. The outputs from the equalizers 48 and 

20 49 are added using an adder 50, and the adder 50 out- 
puts shared channel signal with the canceled transmis- 
sion interference. The adder has the following adding 
methods: selection combining; equal-gain combining; 
maximal-ratio combining; and maximal-square combin- 
es ing. The output of adder is measured by a detector 51 
where a channel sharing information 57 (information 
outputs of shared frequencies 1 and 2) is obtained. 
When the receiver is set at the base station of the 
mobile communication system where a frequency shar- 

30 ing is possible, the channel sharing information 57 is 
used as an information to receive its signal transmitted 
from the mobile station. 

52 is a digital modulator for shared channel. Using 
the output signals (correlated code signal from the cor- 

35 related code generator 47-1(47-2) and channel sharing 
information from the detector 51), an inner transmitter 
(not illustrated) modulates the signals to output an inner 
modulation signal for shared channel. The inner modu- 
lation signal for shared channel does not possess a 

40 noise signal component. (The noise signal component 
is included in the shared channel signal which is the 
input signal of detector 51.) Therefore, if shared signal 
component is canceled from the communication input 
signal of detector 51, an addition of the noise signal 

45 component is prevented. 

An inner modulation signal for shared channel is 
input to two propagation path simulators 55-1 (55-2) 
and 56-1 (56-2). The propagation path simulator simu- 
lates propagation path properties used in multipath 

so transmissions. The simulator 55-1 (55-2) simulates a 
propagation path property of the shared signal arriving 
at antenna 41 , and the simulator 56-1 (56-2) simulates 
a propagation path property of the shared signal arriv- 
ing at antenna 42. Propagation path coefficients 58 and 

55 59 show the propagation path property of the si mulators 
55-1 (55-2) and 56-1 (56-2). The propagation path coef- 
ficient 58 and 59 are generated by inverse matrix of 
equalizer coefficients 53 and 54 in the equalizers 48 
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and 49. The inverse matrix is generated from a proces- 
sor 60. A propagation path for shared signal leading to 
the antenna 41 is implemented by the propagation path 
simulator 55-1 (55-2) using the equalizer coefficient 
from the equalizer 48. The propagation path for shared 5 
signal leading to the antenna 42 is implemented by the 
propagation path simulator 56-1 (56-2) using the equal- 
izer coefficient from the equalizer 49. The shared fre- 
quency regeneration unit is configured from blocks 
45-60. In Fig.5, two of the shared frequency regenera- 70 
tion units are illustrated. The number of units that need 
be set is the number of shared frequency signals. 61 
and 62 are adders that regenerates shared frequency 
signal separately. In Fig.5, the adders 61 and 62 are 
drawn in the shared frequency regeneration unit 69-2 75 
for a reason of convenience. 

The dotted outline 100 of Fig.6 is a desired signal 
regeneration unit. The previously described shared sig- 
nal is regenerated separately from a communication 
signal by the shared signal regeneration unit 69-1 (69- 20 
2), and the shared signal added by the adders 61 and 
62 is canceled from a communication signal to regener- 
ate the desired signal. Following is an explanation of 
configuration for the desired signal regeneration unit. 

71 and 72 are delay circuits. The delay circuits input 25 
intermediate frequency signals that is output from RF/IF 
amplifiers 43 and 44 and delay the intermediate fre- 
quency signal for a period of time until the shared signal 
regeneration units generate the shared signal. 73 and 
74 are adders which subtracts the shared signal which 30 
is an output from the adders 61 and 62 from the output 
signal of the delay circuits 71 and 72. The adder func- 
tions as a shared signal removing unit. 

75 and 76 are amplifiers with filters attached. The 
filtered amplifiers select and amplify the desired signal 35 
of FDMA/TDMA from an output signal of the adders 73 
and 74 by canceling the shared signal. 77 and 78 are 
signal replica generators where a replica of TDMA sig- 
nal #16A identified by synchronization word code is 
generated based on the propagation path parameters of 40 
estimators 85 and 86, and based on a symbol candidate 
signal from a MLSE 90 which will be described later. 79 
and 80 are signal replica generators where a replica of 
TDMA signal #16B identified by synchronization word 
code is generated. 81 , 82, 83 and 84 are adders which 45 
cancel each replica signal and output pre-estimated 
error signal. Parameter estimators 85 and 86 estimate 
the propagation path parameters of multipath transmis- 
sion. 

A square error signal synthesizers 87 and 88 so 
squares the pre-estimated error signal and outputs 
square error signal. 89 is an adder that creates and out- 
puts the square error signal from the square error signal 
synthesizers. The MLSE 90 inputs square error signal 
from the adder 89 and outputs the TDMA signals #16A 55 
and #16B identified by synchronization word codes 
which are desired signal and symbol candidate signal, 
by using a Viterbi algorithm. 91 and 92 are outputs of 



the desired signals #16 A and #16B. 

A detailed explanation for the configuration of the 
operation after passing the filtered amplifiers 75 and 76 
are mentioned in papers by Jin Yoshino et al., entitled 
performance of Interference Canceling Equalizer (ICE) 
for Mobile Radio Communication", Institute of Electron- 
ics, Information and Communication Engineers of 
Japan, 1996 Communication Society Conference Paper 
B-412, and also on paper entitled ..Adaptive Interfer- 
ence Canceler Based on RLS-MLSE", Journal for the 
Society of Electronic Information Communication 1994, 
B-2Vol., J77-B-2N0.2. 

Although no explanation in this specification is 
made on what kind of filters or amplifiers should be used 
in the correlators 45 and 46 and filtered amplifiers 75 
and 76, however, it should be assumed that the amplifi- 
ers have a decent amplification degree and filters are 
equipped with an appropriate band-pass filter. These 
functions can be implemented at either a hardware or at 
a software. 

In the previous explanation, the time divided CDMA 
signals as shared signal was canceled from the commu- 
nication signal to extract TDMA signal identified by for 
synchronization word code as desired signal. This rela- 
tionship can be reversed. That is, TDMA signal identi- 
fied by for synchronization word code as shared signal, 
and time divided CDMA signal as desired signal. In 
such a case, the TDMA signal identified by synchroniza- 
tion word code is regenerated at the shared signal 
regeneration unit, and time divided CDMA signal is 
regenerated at the desired signal regeneration unit. For 
obvious reason, configurations of each regeneration 
unit should be appropriate for regeneration of each sig- 
nal. 

The embodiment 1 thus described, the configura- 
tion of mobile communication system is effective for fre- 
quency sharing and time slot sharing using 
communication signals based on a plurality of access 
methods that the number of radiotelephone communi- 
cation channels can be increased. In addition, an install- 
ment of the invention at the base station would be 
effective in which it can eliminate system failure at the 
base station, when an excess level of communication 
signal is generated in the channel going from mobile 
station to base station. Further, an installment of the 
invention to the mobile station would be effective in 
which the number of channels can be increased to 
simultaneously receive the TDMA signals having differ- 
ent synchronization word codes at two different base 
stations, further, the simultaneous receiving the TDMA 
signals can be implemented using single channel occu- 
pying same time slot and same frequency. 

Embodiment 2. 

The mobile communication system of embodiment 
2 according to this invention is described below. Fig.7 is 
a block chart illustrating a mobile switching center 
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implementing frequency and time slot sharing in the 
mobile communication system for the embodiment 2. 
Following is the description of numbered components 
indicated on the figure. 111 is a PSTN interface unit 
connected with a public switching telephone network 
12. 115 is a base station interface unit connected to 
base stations. 113 is a method setting processor con- 
trolling access methods applied for transmission 
between the base stations and mobile station con- 
nected to the mobile switching center. The method set- 
ting processor is comprising of the followings: a data 
control memory unit memorizing a control data related 
to various access methods which will be described 
later; and an access method control unit for the system 
controlling various access methods between the mobile 
station and the base station inside the system based on 
the control data. 112 is a communication path 
exchanger controlling exchanges between the PSTN 
interlace unit and the base station interface unit, based 
on the control of previously mentioned method setting 
processor. 114 is a signaling processor controlling the 
whole mobile switching center, such as processing of 
telephone numbers. 3, 4 and 116 are the mobile base 
stations. 

Fig.8 is control table for communication method 
parameters (hereinafter parameter) which is a control 
data stored in the data control memory unit at the previ- 
ously mentioned method setting processors 113. The 
control table includes various parameters related to the 
radio access methods used in radio connections 
between the base stations and the mobile station. The 
parameters are classified for every channel communi- 
cation, and the parameters are made from a various 
accompanying information to the communication chan- 
nel. The followings are the accompanying information 
as of Fig.8: a time slot number for each channel commu- 
nication; a number for frequency channel; a data rate; a 
transmission type (access methods); chip rate (for 
CDMA method); information for identifying access 
method (synchronization word code for TDMA, and var- 
ious spreading code numbers for CDMA). In the control 
table, information corresponding to communication 
channels 1015 and 1016 are defining parameters of 
communication channel used by the mobile station 1 
(MS1) shown in Fig.1. That is, the mobile station 1 
(MS1) has two communication channels. Further, the 
two communication channels are on a same frequency 
channel of number 5. In addition, the time slot number 
are also same with time slot number being 1. However, 
the synchronization word codes are different being 
SyW1 and SyW2, and the difference allows for the two 
communication channels to identify from each other. 

In addition to defining the frequency channel and 
time slot, it is important to distinguish the TDMA signal 
and CDMA signal (spreading code for CDMA and syn- 
chronization word code for TDMA). Both codes of the 
TDMA and CDMA methods are controlled at the same 
level as an access method identifying information in the 



control table. That is, the method setting processor is 
provided with functions for controlling and identifying 
mobile communication channels having a plurality of 
synchronization word codes, to implement time slot 
5 sharing and frequency sharing of TDMA signal. Moreo- 
ver, since the synchronization word codes of TDMA sig- 
nal and the spreading codes of CDMA signal are 
controlled in the same level, the access method can be 
assigned with consideration of the overall communica- 
10 tion system quality. 

In the previous explanation, the method setting 
processor is provided at the mobile switching center. 
This is done so for the mobile switching center to control 
the access methods related to a plurality of base sta- 
rs tions in the mobile communication system. A similar 
method setting processor is provided at the base station 
having a similar function as per above, to control the 
access method within a cell of the base station. The 
communication method inside the cell of base station is 
20 controlled based on this control. In such a case, previ- 
ously mentioned data control memory unit becomes a 
data control memory unit of the base station, and the 
system access method control unit becomes an access 
method control unit of the base station. 
25 The embodiment 2 thus described, a configuration 
of the method setting processor at the mobile switching 
center simultaneously controls the synchronization 
word codes of TDMA signal and the spreading codes of 
time divided CDMA signal according to the control table. 
30 For a plurality of TDMA signals and time divided CDMA 
signals, the access methods are effectively assigned 
and controlled with consideration of the overall commu- 
nication system quality. 

35 Embodiment 3, 

The mobile communication system of embodiment 
3 according to this invention is described below. Fig.9 is 
a system block chart of the mobile communication sys- 

40 tern implementing the time slot sharing and frequency 
sharing for the embodiment 3. Fig.9 illustrates a situa- 
tion where the mobile station 1 (MS1) of Fig.1 is sepa- 
rated from the base station 3 (BS1), and is gradually 
entering a zone of the base station 4 (BS2). 

45 Fig.1 0 is a control table for transmission power 
information which are control data stored in the memory 
of the method setting processor of the mobile communi- 
cation system for the embodiment 3. Included in the 
control data there are information related to the trans- 

so mitter and receiver powers of base/mobile stations, 
which are regarded as accompanying information to 
each of the communication channel in Fig. 10. It is 
assumed that an electric field strength for receiver is 
classified into 4 classes (3:maximum receiving intensity, 

55 2:medium receiving intensity, 1 :optimal receiving inten- 
sity, 0:zero signal). An intermediate numerical value for 
each class, for example 0.5, is not the optimal receiving 
intensity nor a zero signal. The numerical value inside 
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the bracket indicates a signal level of electric wave 
transmitted by the base station and received by the 
adjoining base station. As an example, for a communi- 
cation channel 1016, the base station 3 (BS1) is receiv- 
ing transmission signal from the base station 4 (BS2) at 
the intensity of class 0.5. Further, it is assumed that an 
electric field strength for transmitter is classified into 4 
classes (3:maximum transmitting intensity, 2:medium 
transmitting intensity, 1:optimal transmitting intensity, 
0:zero signal). A communication channel 1015 is used 
between the mobile station 1 (MS1) and the base sta- 
tion 3 (BS1). Simultaneously, the mobile station 1 (MS1) 
is receiving information from the base station 4 (BS2) 
using the communication channel 1016 with same time 
slot and frequency but a different synchronization word 
code. That is, two communication channels are simulta- 
neously set between the mobile station 1 (MS1) and the 
two base stations. 

Fig. 11 explains the frequency spectrum for fre- 
quency sharing of a communication signal received at 
the mobile station 1 (MS1) for the embodiment 3. Type 
of signals and frequency spectrum for Fig.11 is as 
described in Fig.2. For the embodiment 3, the mobile 
station 1 (MS1) is separated from the base station 3 
(BS1), and it is approaching the base station 4 (BS2). 
Fig.1 1 differs from Fig.2 in the difference in signal power 
level for TDMA signal #16A and TDMA signal #16B, and 
the power level difference between TDMA signal #16A 
and TDMA signal #16B is narrower. This embodiment 
does not refer to receiving level of CDMA signal at the 
mobile station, because it is same as the receiving level 
shown in Fig.2. 

Fig. 12 explains the frequency spectrum for fre- 
quency sharing of a communication signal received at 
the base station 3 (BS1) for the embodiment 3. Fig. 13 is 
the control table for operation control information on the 
shared signal regeneration unit (shared signal canceler) 
and desired signal (desired signal receiver) stored in the 
memory of base station 3 (BS1) at the method setting 
processors 113. In Fig.13 information related to the 
shared signal canceler and the desired signal receiver 
selected at the receiver of base station is included as an 
accompanying information to the communication chan- 
nel. The classification of the electric field strength for 
receiving is same as in Fig. 10. Figs. 14 and 15 are block 
charts of antenna diversity receivers at base stations for 
the embodiment 3. Communication channels are set for 
every communication at the receiver, responding to the 
control table of Fig.13, and either the shared signal can- 
celer or the desired signal receiver is set there. Figs. 14 
and 15 are showing a functional blocks of base station 
for the general case, that is, the shared signals as a plu- 
rality of FDMA signal, TDMA signal and CDMA signal, 
and the desired signals as a plurality of FDMA signal, 
TDMA signal and CDMA signal. 

Fig. 16 is a system block chart of another mobile 
communication system implementing time slot sharing 
and frequency sharing for the embodiment 3. Fig. 17 



explains the control table for deciding a handoff receiv- 
ing power information stored in the memory of the 
method setting processors 1 13, used in the mobile com- 
munication system of the embodiment 3 (refer to 

5 Fig. 16). The division of classes in the electric field 
strength for receiving is same as in Fig.10. The commu- 
nication channels 1013 and 1016 use TDMA signals 
assigned at the base station 4 (BS2), however, on this 
figure, the communication channels 1013 and 1016 has 

70 no call and are indicating vacant channels. For Fig. 17 
when the transmitting power of the mobile station is at a 
maximum of 3 and electric field strength for receiving at 
base station is 1 as in the communication channels 
1015 and 1017, the mobile station is assumed to be 

75 located at an outermost zone. Fig. 18 is a handoff 
sequence flow chart of the mobile station for the embod- 
iment 3. 

Means for reaching a handoff decision in the mobile 
communication system is explained using Figs. 17 and 

20 18. 

The first step S1 01 in handoff operation is to select 
a communication channel where the transmitting power 
of mobile station is 3, and electric field strength for 
receiving the signal at the base station is 1. Using 

25 Fig.17 as an example, communication channel 1015 is 
selected. After the selection, that is in step S101, the 
process does not yet proceed to S102, not until after 
checking for a bit rate error of communication channel 
and if it is found to exceed a certain value (threshold 

30 value) the step proceeds to S1 02. Therefore, at S101 , a 
processor searches the bit rate error in a plurality of 
communication channels in order, and from the commu- 
nication channel with the error value exceeding a cer- 
tain value the handoff procedure can commence, or in 

35 other words, proceeds to S1 02. 

In step S102, following sequences are executed: an 
up link signal of communication channel 1015 transmit- 
ted from the mobile station 1 (MS1) to the base station 
3 (BS1) is received by the six adjoining base stations in 

40 order, then the result is notified and written on the con- 
trol table of receiving power information at the method 
setting processor of the mobile switching center of 
Fig.17. In step S103, the following sequence is exe- 
cuted: for each adjoining base station the base station 

45 with maximum electric field (for receiving) is selected as 
handoff destination (if the electric field is the same, 
select the one with smallest number). For the example 
of Fig.17, the base station 4 (BS2) is selected. 

After step S104, a handoff procedure is executed 

so responding to the signal type at handoff destination. For 
instance, if the signal at the handoff destination is a con- 
ventional type of continuous-time CDMA signal (step 
S104), the handoff procedure corresponding to the 
CDMA signal is executed (step S105). The explanation 

55 of the handoff procedure is omitted, since much number 
of handoff procedures had already been announced. 

In step S106 when there is a plenty of time slots 
available to an extent that handoff can be performed by 
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moving to an another time slot, then the conventional 
TDM A handoff procedure is executed (step S107). The 
explanation of the handoff procedure is omitted, since 
much number of handoff procedure had already been 
announced. This is similarly so for the case of moving to 
the same time slot with different frequency. 

In a case when handoff is performed by moving 
from TDMA signal to time divided CDMA signal 
assigned to time slot (step S108), a handoff procedure 
using time divided CDMA signal (step S109) is exe- 
cuted. The handoff procedure using time divided CDMA 
signal was described in afore-mentioned patent applica- 
tion filed by us. 

In steps S104, S106, and S108 when the time slot 
to use is not available, handoff is implemented for 
TDMA signal that is sharing the same frequency with 
time divided CDMA signal. As such TDMA signal, com- 
munication channel 1013 of Fig. 17 is suitable. The com- 
munication channel 1013 is a communication channel 
for TDMA signal assigned to the base station 4 (BS2), 
however, currently there is no call and is an vacant 
channel. The detail of handoff sequence to the commu- 
nication channel 1013 (step S111) is explained in 
embodiment 4. 

At step S1 10 of Fig. 18. when TDMA signal that is 
sharing frequency and time slot with the time divided 
CDMA signal does not exist (On Fig.1 7 when communi- 
cation channel 1013 is occupied), the step proceeds to 
step S112 the TDMA signal that is sharing the fre- 
quency and time slot with the existing TDMA signal 
(TDMA signal identified by synchronization word code. 
In the case of Fig. 17, communication channel 1016 
(16B)) is used. Detail of handoff sequence (step S112) 
from the communication channel 1015 (BS1) and 1016 
(BS2) are explained in embodiment 5. 

The embodiment 3 thus described, i.e., transmis- 
sion power level of communication signal of each base 
station/mobile station is controlled at the method setting 
processor in the mobile switching center, the configura- 
tion is effective to implement handoff within the cell of 
communication system using sharing frequency and 
time-slot for TDMA, CDMA and FDMA signals. In addi- 
tion, since the sharing signal canceler and desired sig- 
nal receiver corresponding to a plurality of TDMA signal, 
CDMA signal and FDMA signal inside the diversity 
receiver are provided, and since the sharing signal can- 
celer and the desired signal receiver is controlled for 
each one of the communication channel by the method 
setting processor of mobile switching center, therefore, 
canceling of the shared signal and extracting the 
desired signal is effectively implemented. 

Embodiment 4. 

The mobile communication system of embodiment 
4 according to this invention is described below. The 
embodiment 4 is related to handoff sequence (step 
S1 1 1 of Fig.18) of TDMA signal frequency sharing and 



time slot sharing with time divided CDMA signal. As a 
result of the handoff sequence in Fig.18, when step 
S1 1 1 is selected, the step starts with checking the time 
divided CDMA signal in the surrounding handoff desti- 

5 nation base station 4 (BS2). Fig. 1 9 is a frequency spec- 
trum of communication signal received at the base 
station 4 (BS2) for the embodiment 4. The dotted line of 
communication channels 1013 and 1016 in Fig. 19 indi- 
cate these are vacant channels. The frequency spec- 

10 trum shown in Fig.19 is indicating an input signal status 
of the receiver of handoff destination base station 4 
(BS2) before commencing the handoff. Fig.20 is control 
table of operational control information for shared signal 
canceler and desired signal receiver of base station 4 

15 (BS2) stored in the memory inside the method setting 
processor for the embodiment 4. The classifying of the 
electric field strength for receiving is same as in Fig. 10. 
On this figure, TDMA signals are assigned to the com- 
munication channels 1013 and 1016 at the base station 

20 4 (BS2), however, currently there is no call and is show- 
ing a vacant channel. 

Fig.21 is illustrating a handoff sequence flow chart 
of TDMA signal frequency sharing and time slot sharing 
with time divided CDMA signal. Fig.22 is illustrating a 

25 handoff process of TDMA signal frequency sharing and 
time slot sharing with time divided CDMA signal. Step 

5121 of Fig.21 and steps S141 and S142 of Fig.22 
determines the handoff destination of mobile station 1 
(MS1) which is the base station 4 (BS2), that is, a situa- 

30 tion when geographical closeness is identified between 
base station 4 (BS2) and mobile station 1 (MS1), and 
which communication channel the handoff is made 
clear remains unknown. First of all, state of shared sig- 
nal of base station 4 (BS2) is measured, particularly on 

35 the state of electric wave for CDMA shared signal (step 

5122 of Fig.21 and step S145 of Fig.22). Previously 
mentioned Fig.20 is control table of sharing the meas- 
ured result based on the measuring process. 

Moving now to an explanation of setup process of 

40 the shared signal cancelers (the shared signal removing 
units) which is the characteristic of the mobile communi- 
cation system for the embodiment 4. At steps S123 and 
S124 of Fig.21 (or step S147 of Fig.22) the shared sig- 
nal cancelers CDMA1C and CDMA2C are set at the 

45 base station 4 (BS2) for communication channels 1018 
and 1019. The state is shown in Fig.20 on the column of 
shared signal canceler. Currently, the shared CDMA 
signal transmissions between the base station 4 (BS2) 
and two mobile stations which is connected through 

so communication channels 1018 and 1019 are already 
occupied. In addition to that when these signals are 
being demodulated at the desired signal receiver of 
base station 4 (BS2), and if transmission in the commu- 
nication channel 1015 occurs, the two communication 

55 channels 1018 and 1019 move from the state of 
processing at the desired signal receiver to the state of 
processing at the shared signal canceler. 

Due to the decline in a level of shared signals 
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resulting from the operation at the shared wave can- 
celer of the base station 4 (BS2), a noise level of the 
desired signals (communication channel 1015 or 1013 
in this case) or a level of the interference signals 
decrease. These can reduce the information error and 
decrease the transmission power of mobile station 1 
(MS1). 

Step S125 of Fig.21 (or steps S148, S149 and 
S150 of Fig.22) will now be explained. The mobile 
switching center sends a command control signal to the 
mobile station 1 (MS1) and the base station 4 (BS2) 
simultaneously then connects the base station 4 (BS2) 
with mobile station 1 (MS1) with TDMA signal for the 
first time to commence the TDMA communication with 
the handoff destination. Step S156 of Fig.22 is showing 
a state of starting this communication. 

After that, between the base station 4 (BS2) and 
mobile station 1 (BS1) the mobile switching center 
adjusts power of transmitters so that the respective 
receivers can reach an optimal electric field strength for 
receiving (steps S157 and S158 of Fig.22). After that, 
the base station 4 (BS2) informs the respective trans- 
mitting powers and electric field strengths for receiving 
to the mobile switching center. Then the mobile switch- 
ing center completes communication between the base 
station 3 (BS1) and the mobile station 1 (MS1) (the 
radio channel is still connected). Thus in this example, 
radio channel is connected between mobile station 1 
(MS1) and two base stations 3 (BS1) and 4 (BS2) from 
a point of starting the TDMA communication (step S156 
of Fig.22) to a point of the connection termination com- 
mand (step S161 of Fig.22). On the other hand, from 
step S126 to S129 of Fig.21, in addition to the case 
described as of above, a case of obtaining a result of 
trial and error for TDMA signal at handoff destination is 
also included. 

Fig. 23 is a block chart of method setting processors 
113 at the mobile switching center related to the hand- 
off. 

The handoff sequence and process of Figs.21 and 
22 are implemented by a roaming process control unit 
146. The roaming process control unit 146 commences 
the processing based on the instruction from a receiving 
power memory for handoff 144 (memory which stores 
control table of receiving power information for deciding 
handoff as shown in Fig. 17). The actual process starts 
by periodical access of data information inside the 
receiving power memory for handoff 144 by the roaming 
process control unit 146. Further, a radio system control 
unit 147 performs recording control of related informa- 
tion for the receiving power memory for handoff 144. 

The embodiment 4 thus described, the configura- 
tion is effective in implementing handoff from a time 
divided CDMA signal to the TDMA signal that are shar- 
ing time slot and frequency sharing with the time divided 
CDMA signal. Transmission power level of communica- 
tion signal between base stations and mobile station is 
administrated at the method setting processor inside 



the mobile switching center, therefore, within the cell of 
communication system sharing frequency channel and 
time slot for TDMA, CDMA and FDMA signals, the 
handoff from a time divided CDMA signal to TDMA sig- 
5 nal sharing frequency and time slot with the time divided 
CDMA signal is implemented effectively. 

Embodiment 5. 

10 The mobile communication system of embodiment 
5 according to this invention is described below. The 
embodiment 5 is related to handoff process (step S1 12 
of Fig.18) of TDMA signal identified by synchronization 
word code which is frequency sharing and time slot 

75 sharing with TDMA signal which is currently being trans- 
mitted. If step S112 is selected as a result of handoff 
sequence in Fig.18, a case when the handoff destina- 
tion base station 4 (BS2) is communicating, the step 
starts off with checking the TDMA signal which is fre- 

20 quency sharing and time slot sharing with time divided 
CDMA signal by the currently communicating mobile 
station 1 (MS1). Fig.24 is frequency spectrum of com- 
munication signal received at the base station 4 (BS2) 
for the embodiment 5. The dotted line of communication 

25 channel 1016 indicates the channel is vacant. The fre- 
quency spectrum shown in Fig.24 is indicating a situa- 
tion where an input signal to the receiver stored in the 
memory of base station 4 (BS2) before commencing 
handoff. Corresponding to the situation of Fig.24, Fig.25 

30 is showing a control table of operational control informa- 
tion for the shared signal canceler and the desired sig- 
nal receiver of base station 4 (BS2) stored in the 
memory inside the method setting processor 1 13 for the 
embodiment 5. The classification of classes in the elec- 

35 trie field strength for receiving is same as Fig.10. The 
communication channel 1016 is TDMA signal assigned 
to the base station 4 (BS2), however, currently there is 
no call and is showing a vacant channel. 

The base station 4 commences connection with the 

40 mobile station 1 through the communication channel 
1016. Both the mobile station 1 (MS1) and the base sta- 
tion 4 (BS2) are said to have an interference canceler 
receiving function which is illustrated on Fig.6 as 100. 
Fig.24 is frequency spectrum of communication signal 

45 received at the base station 4 (BS2) for the embodiment 
5. Corresponding to the situation in Fig.26, Fig.27 is 
showing a control table of operational control informa- 
tion for the shared signal canceler and the desired sig- 
nal receiver stored in the memory of base station 4 

so (BS2) inside the method setting processor for the 
embodiment 5. The classification of classes in the elec- 
tric field strength for receiving is same as Fig. 10. 

Rg.28 and Fig.29 illustrate handoff sequence flow 
chart and handoff process of TDMA signal (identified by 

55 synchronization word code) which is frequency sharing 
and time slot sharing with the TDMA signal mentioned 
above. In step S171 of Fig.28 and steps S191 and S192 
of Fig.29 where the handoff destination base station 4 
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(BS2) of the mobile station 1 (MS1) is decided, in addi- 
tion, which handoff communication channel to use is 
determined. However, for the time divided CDMA signal 
which is frequency sharing and time slot sharing with 
TDMA signal which is communicating, that is, shared 
signal for CDMA is still unknown. Therefore, a shared 
signal of the base station 4 (BS2) especially the state of 
electrical field of the CDMA shared signal is measured 
(step S172 of Fig.28 and step S196 of Fig.29). The pre- 
viously described Fig.25 is measured result based on 
the measuring process mentioned above. 

Now moving on to the setting process of shared sig- 
nal canceler (shared signal removing unit), which is the 
characteristic of the mobile communication for the 
embodiment 5. Further, for the embodiment 5 where 
there is TDMA shared signal, the characteristic lies 
where the shared signal cancelers are set for both the 
shared CDMA signal and the shared TDMA signal. 

The different point to note from the embodiment 4 is 
clearly explained below. The CDMA canceler for 
embodiment 4 performs canceling of the CDMA shared 
signal from a situation where TDMA signal is frequency 
sharing and time slot sharing with the time divided 
CDMA signal or CDMA signal. On the other hand, in the 
embodiment 5 there are a CDMA signal canceler and a 
TDMA signal canceler. The CDMA canceler has an 
exactly same operation with the previously described 
CDMA canceler for embodiment 4. The other canceler, 
the TDMA canceler has a function to remove one of the 
TDMA signals under a situation when the two TDMA 
signals are sharing same frequency and time slot, 
namely one of communicating TDMA signal with the 
base station 3 (BS1) and TDMA signal with different 
synchronization word code, is selected for removal after 
canceling the time divided CDMA signal or CDMA 
shared signal. The remaining TDMA signal is the 
desired signal, however, since the removed TDMA sig- 
nal is also output from the TDMA canceler, meaning two 
types of TDMA signal information is output from this 
cancel er, and the two TDMA signals are having different 
synchronization word codes. To distinguish the TDMA 
canceler of this embodiment from the one in embodi- 
ment 4, the described TDMA canceler is termed „TDM A 
canceler identified by synchronization word codes". For 
such JTDMA canceler identified by synchronization 
word codes" to be incorporated into the mobile station 
and base station, a block illustrated in Fig.6 as 100 is 
suitable. 

In steps S173 and S174 of Fig.28 (or step S197 of 
Fig.29), the CDMA cancelers CDMA1C and CDMA2C 
are provided at the base station 4 (BS2) for communica- 
tion channels 1018 and 1019. Fig.25 illustrates the situ- 
ation on the shared signal canceler column. As can be 
seen from this column, the communication channels 
1018 and 1019 which are CDMA signals are currently 
occupied between the base station 4 (BS2) and the two 
mobile stations, in addition, when these signals are 
being demodulated by the desired signal receiver of the 



base station 4 (BS2), and if communication channel 
1015 occurs, the two communication channels 1018 
and 1019 move from the state of processing at the 
desired signal receiver to the state of processing at the 

5 shared signal. 

The „TDMA signal identified by synchronization 
word codes" is set at the base station 4 (BS2). That is, 
the canceler equivalent to 100 of Fig.6 having synchro- 
nization word code SyW2 is set for the communication 

w channel 1016 of Fig.25. Two desired signals of #16A 
(communication channel 1015) and #16B (communica- 
tion channel 1016) are output from this canceler. For 
setting to the mobile station, since only one signal is 
used, the canceler can be referred to as just n canceler", 

75 however when setting to the base station as in Fig.6, 
both signals are used as information so that referring it 
to as just „canceler" is not appropriate. For the reason of 
convenience, this specification shall use a name „TDMA 
canceler identified by synchronization word code". 

20 As can be seen for the base station 4 (BS2), due to 
a decline in the level of shared signal resulting from the 
operation of shared wave canceler, the noise level or 
interference level of desired signal (for this case com- 
munication channels 1015 or 1013) will decline to 

25 reduce the error rate of information, otherwise diminish 
the transmitting power of the mobile station 1 (MS1). 

In step S1 75 of Fig.28 (steps S198. S1 99 and S120 
of Fig.29) the mobile switching center simultaneously 
generates the command control signals to mobile sta- 

30 tion 1 (MS1) and base station 4 (BS2) to begin TDMA 
communication with the handoff destination by connect- 
ing the base station 4 (BS2) and the mobile station 1 
(MS1) for the first time using TDMA signal identified by 
synchronization word codes having two different codes. 

35 Step S206 of Fig.29 indicates the situation after com- 
mencing this communication. 

After this step, between the base station 4 (BS2) 
and the mobile station 1 (MS1), the mobile switching 
center adjusts receiving power of to achieve the opti- 

40 mum receiving electric field strength at each receiver 
(steps S207 and S208 of Fig.29). After this step, the 
base station 4 (BS2) informs the receiving power inten- 
sity and receiving power of each receiver to the mobile 
switching center to complete the communication 

45 between base station 3 (BS1) and mobile station 1 
(MS1). For this example, therefore, is illustrating a case 
when the mobile station 1 (MS1) is on radio connection 
between the two base stations 3 (BS1) and 4 (BS2) 
from the commencing of TDMA communication (step 

so S206 of Fig.29) to the completion of connection termi- 
nation command (step S211 of Fig.29). On the other 
hand, in addition to the case above, the case also 
includes obtaining trial and error of TDMA signal at 
handoff destination from step S1 76 to SI 79 of Fig.28. 

55 The embodiment 5 of the invention thus described, 
the configuration is effective in implementing handoff 
from time divided CDMA signal sharing frequency and 
time slot sharing with TDMA signal wherein the method 



13 



25 



EP0 892 508 A2 



26 



setting processor of the mobile switching center to con- 
trol transmitting power level of communication signal at 
the base stations and mobile station, therefore, in the 
cell of communication system where TDMA, CDMA and 
FDMA signals are sharing frequency channel and time 
slot. In addition, in this embodiment, because it is possi- 
ble to receive two separate TDMA signals sharing time 
slot and frequency, and this is extremely advantageous 
in using frequency effectively. 

Embodiment 6, 

The mobile communication system of embodiment 
6 according to this invention is described below. Fig.30 
illustrates a cell structure made of a plurality of concen- 
tric circle zones for the embodiment 6. The characteris- 
tic of the cell structure is the corresponding orders of 
concentric zones and time divided CDMA signal and 
TDMA signal. These corresponding orders are shown in 
Fig. 31. Fig. 32 explains in detail the relationship 
between a frequency spectrum of the frequency sharing 
and time slot sharing of communication signal and a 
time slot for the embodiment 6. 

For Fig.30, a transmitting power from base station 
BS1 to mobile station MS21 situated in zone 11 is 
smaller than the transmitting power from the base sta- 
tion BS1 to mobile station MS25 in zone 13 (situated 
farther from BS1 than the zone 11). Thus, when time 
divided CDMA signals from the both are assigned at the 
same time slot, masking of a down-link channel with 
smaller transmitting power takes place with the one with 
larger transmitting power. That is, for those signals with 
smaller transmitting power, sharing with signal with 
larger transmitting power is equivalent to increase in the 
noise. For the required signal, it is desirable to avoid 
obstruction by other signal. As the Figs.31 and 32 are 
showing, previously mentioned masking can be avoided 
by assigning signal with smaller transmitting power to 
the mobile station MS21 situated at zone 11 from the 
base station BS1 to time slot CDMA#41-1 of time 
divided CDMA signal, and by assigning signal with 
larger transmitting power to mobile station MS25 situ- 
ated at zone 13 from the base station BS1 to time slot 
CDMA#41-3. 

Fig.33 is control table of information on transmitting 
power and position of mobile station stored in the mem- 
ory of method setting processor, corresponding to the 
situation of Fig.30 for the embodiment 6. The classifica- 
tion of classes for the electric field strength for receiving 
and the transmitting power are same as in Fig. 10. In 
Fig.33, for example, this mobile station MS21 assigned 
to a communication channel 1021 is situated in zone 1 1 , 
and its transmitting power is minimum of the classes 
which is 1 . For mobile station MS27 assigned to other 
communication channel 1027 is situated in zone 13, 
and its transmitting power is the maximum of the 
classes which is 3. 

Fig.34 is control table of information on transmit- 



ting/receiving powers and mobile station position which 
are the control data stored inside the memory of method 
setting processor 113, corresponding to the situation of 
Fig.30 for the embodiment 6. The classification of 
5 classes for the electric field strength for receiving and 
the transmitting power are same as in Fig. 10. In Fig.33 
when the mobile station MS27 assigned to communica- 
tion channel 1027 is situated in zone 13 (refer to 
Fig.30), and its transmitting power is class 3 which is the 
ro maximum class as shown in Fig.33. When a number of 
mobile stations with transmitting power class 3 inside 
the zone 13 increase that a required C/N (carrier to 
noise) of the signal can no longer be obtained, then 
assigned time slot for one of the number of mobile sta- 
rs tions is changed to time slot T4 of Fig.31, that is to 
CDMA#41-4. By doing so, signal can obtain the 
required C/N. For communication channel 1027 of 
Fig.34, the position of mobile station is zone 13, and 
indicates that the time slot is 4. In this case, by changing 
20 the time slot, masking of smaller signals can be 
avoided, as well as avoiding excess assigning of com- 
munication channels to the same time slot can be 
avoided. 

The embodiment 6 thus described, for signals with 
25 larger transmitting power transmitted from the base sta- 
tion to the mobile station which is positioned at an outer 
zone far from a center of the cell, the configuration is 
effective in avoiding saturation of receiver at mobile sta- 
tion situated at an inner zone from the pre-mentioned 
30 outer zone. Spreading of communication channel time 
slot for mobile station situated at a zone of high density 
of mobile stations enables prevention of C/N deteriora- 
tion. The intensity of input signal for receiving at base 
station are suppressed equally for any of the uplink sig- 
35 nals transmitted from mobile stations of any of the 
zones. This prevents occurrence of circumstance where 
only a particular signal is possible for communication 
and all others are not possible for communication. 

40 Embodiment 7, 

The mobile communication system of embodiment 
7 according to this invention is described below. Fig.35 
illustrates a cell structure made of a plurality of concen- 

45 trie circle zones for the embodiment 7. The characteris- 
tic of the cell structure is the corresponding orders of 
concentric zones and time slot of time divided CDMA 
signal and TDMA signal. The corresponding orders are 
shown in Fig.36. Fig.37 explains in detail the relation- 

so ship between a frequency spectrum of the frequency 
sharing and time slot sharing of communication signal 
and a time slot for the embodiment 7. 

In Fig.35, the mobile station for TDMA is displayed 
only. However, the mobile station for time divided CDMA 

55 illustrated in Fig.30 is simultaneously communicating 
within the cell 303. 

In Fig.35, the transmitting power from the base sta- 
tion BS1 to the mobile station MS21 for performing time 
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divided CDMA communication which is situated in zone 
11 (refer to Fig.30) is smaller than the transmitting 
power from the base station BS1 to the mobile station 
MS35 for performing TDMA communication which is sit- 
uated in zone 13 (refer to Fig.35). Zone 13 is situated 
farther from the base station BS1 than the zone 1 1 . 
Thus, when time divided CDMA signals from the both 
are assigned at the same time slot, masking of a down- 
link channel with smaller transmitting power takes place 
with the one with larger transmitting power. (The CDMA 
receiver diffuses TDMA signal within the same fre- 
quency bandwidth. At an input terminal of receiving 
information detector the diffused TDMA signal is equiv- 
alent to a noise for the CDMA signal). That is, for those 
signals with smaller transmitting power, sharing with 
signal with larger transmitting power is equivalent to 
increase in the noise. For the required signal, it is desir- 
able to avoid obstruction by other signal. As the Figs.36 
and 37 are showing, previously mentioned masking can 
be avoided by assigning signal with smaller transmitting 
power to the mobile station MS21 situated at zone 11 
from the base station BS1 to time slot CDMA#42-1 of 
time CDMA signal, and by assigning signal with larger 
transmitting power to mobile station MS35 situated at 
zone 13 from the base station BS1 to time slot 
CDMA#42-3. 

Fig.38 is control table of information on transmitting 
power and position of mobile station stored in the mem- 
ory of method setting processor, corresponding to the 
situation of Fig.35 for the embodiment 7. The classifica- 
tion of classes for the electric field strength for receiving 
and the transmitting power are same as in Fig.10. In 
Fig.38, for mobile stations MS21 -MS27 which performs 
time divided CDMA communications and mobile sta- 
tions MS31-MS37 which performs TDMA communica- 
tions, the relationship of position of each zone, and 
transmitting power and receiving signal intensity is illus- 
trated. For example, the mobile station MS31 assigned 
to a communication channel 1 031 is situated in zone 1 1 , 
and its transmitting power is minimum of the classes 
which is 1. For the mobile station MS35 assigned to the 
other communication channel 1035 is situated in zone 
13, and its transmitting power is the maximum of the 
classes which is 3. 

Communication channel 1037 of Fig.38 illustrates 
the other examples for the embodiment 7. In Fig.35, 
mobile station MS37 performing TDMA communication 
assigned to the communication channel 1037 is situ- 
ated at zone 13, and its receiving power is maximum of 
class 3 as shown in Fig.38. When a number of mobile 
stations performing the TDMA communications or the 
time divided CDMA communications with transmitting 
power class 3 inside the zone 13 increase that a 
required C/N of the signal can no longer be obtained, 
then assigned time slot for one of the number of mobile 
stations is changed to time slot T4 of Fig.31, that is to 
CDMA#42-4. By doing so, signal can obtain the 
required C/N. For communication channel 1037 of 



Fig.38, the position of mobile station is zone 13, and 
indicates that the time slot is 4. In this case, by changing 
the time slot, masking of smaller signals can be 
avoided, as well as excess assigning of communication 

5 channels to the same time slot can be avoided. 

The embodiment 7 thus described, for the time 
divided CDMA signal and TDMA signal of mobile com- 
munication system which are sharing frequency chan- 
nel and time slot, the larger the transmitting power 

10 transmitted from the base station to the mobile station 
which is positioned at an outer zone far from a center of 
the cell, the configuration is effective in avoiding satura- 
tion of receiver of mobile station situated at an inner 
zone from the pre-mentioned outer zone. Spreading of 

is communication channel time slot for mobile station situ- 
ated at a zone of high density of mobile stations enables 
prevention of C/N deterioration. The intensity of input 
signal for receiving at base station are suppressed 
equally for any of the uplink signals transmitted from 

20 mobile stations of any of the zones. This prevents 
occurrence of circumstance where only a particular sig- 
nal is possible for communication and all others are not 
possible for communication. 

The invention being thus described, it will be obvi- 

25 ous that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from 
the spirit and scope of the invention, and all such modi- 
fications as would be obvious to one skilled in the art 
are intended to be included within the scope of this 

30 invention. 

Claims 

1 . A mobile communication system for radio commu- 
35 nication comprising: stations including a plurality of 
mobile stations (1 , 2) and at least a base station 
(3,4 ), wherein the mobile communication is per- 
formed between the stations (1 , 2, 3, 4) with a com- 
munication signal (TDMA, FDMA, CDMA) using a 
40 determined method from a plurality of multiple 
access methods in sharing one of frequency and 
time, wherein the stations include: 

- a receiving unit (7-10) for receiving a communi- 
45 cation signal including: 

- a TDMA signal identified by synchroniza- 
tion word code having a different synchro- 
nization word code from each other, and 

so assigned to the same frequency and time 

slot, based on a TDMA method; and 

- a time divided CDMA signal, frequency 
spreaded by a spread code and being 
assigned to a time division time slot, based 

55 on a CDMA method; 

- a shared signal regeneration unit (69-1. 69-2) 
for regenerating the time divided CDMA signal 
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from the received communication signal and for 
outputting a shared signal; 
a shared signal removing unit (73-76) for 
removing the shared signal from the communi- 
cation signal; and s 
a desired signal regeneration unit (100) for 
regenerating the TDMA signal identified by 
synchronization word code after removal of the 
shared signal from the communication signal 
and for outputting a desired signal (91 , 92). io 

2. A mobile communication system for radio commu- 
nication comprising: stations including a plurality of 
mobile stations (1 , 2) and at least a base station (3, 

4), wherein the mobile communication is performed 15 
between the stations (1 , 2, 3, 4) with a communica- 
tion signal (TDMA, FDMA, DCMA) using a deter- 
mined method from a plurality of multiple access 
methods in sharing one of frequency and time, 
wherein the stations include: 20 

- a receiving unit (7, 10) for receiving a commu- 
nication signal including: 

- a TDMA signal identified by synchroniza- 25 
tion word code having a different synchro- 
nization word code from each other, and 
assigned to the same frequency and time 
slot, based on a TDMA method; and 
-- a time divided CDMA signal, frequency 
spreaded by a spread code and being 
assigned to a time division time slot, based 
on a CDMA method; 

- a shared signal regeneration unit (69-1, 69-2) 35 
for regenerating the TDMA signal identified by 
synchronization word code from the received 
communication signal and for outputting a 
shared signal; 

- a shared signal removing unit (73-76) for 40 
removing the shared signal from the communi- 
cation signal; and 

a desired signal regeneration unit (100) for 
regenerating the time divided CDMA signal 
after removal of the shared signal from the 45 
communication signal and for outputting a 
desired signal (91,92). 

3. A mobile communication system for radio commu- 
nication comprising: stations including a plurality of so 
mobile stations (1 , 2) and at least a base station (3, 

4), wherein the mobile communication is performed 
between stations (1, 2, 3, 4) with a communication 
signal (TDMA, FDMA, CDMA) using a determined 
method from a plurality of multiple access methods 55 
in sharing one of frequency and time, wherein the 
stations include: 



a receiving unit (7-1 0) for receiving a communi- 
cation signal including: 

- a TDMA signal identified by synchroniza- 
tion word code having a different synchro- 
nization word code from each other, and 
assigned to the same frequency and time 
slot, based on a TDMA method; 

- a time divided CDMA signal, frequency 
spreaded by a spread code and being 
assigned to a time division time slot, based 
on a CDMA method; 

- a base station control data memory unit (1 13) 
for storing information for identifying access 
method as control data showing spreading 
code used in creating the time CDMA signal 
and synchronization word code used in the 
TDMA signal identified by synchronization 
word code, for the communication signal used 
within the service area of the base station (3, 
4); and 

a base station access method control unit (113) 
for controlling multiple access methods 
between a plurality of mobile stations (1 , 2) and 
a base station (3, 4) within the service area (5, 
6) of the base station (3, 4), based on the con- 
trol data. 



stations including a plurality of mobile stations 
(1 , 2) and at least a base station (3, 4), wherein 
the mobile communication is performed 
between stations (1 , 2, 3, 4) with a communica- 
tion signal (TDMA, FDMA, CDMA)using a 
determined method from a plurality of multiple 
access methods in sharing one of frequency 
and time, wherein the stations include: 

- a receiving unit (7-10) for receiving a com- 
munication signal including: 

- a TDMA signal identified by syn- 
chronization word code having a differ- 
ent synchronization word code from 
each other, and assigned to the same 
frequency and time slot, based on a 
TDMA method; and 
-- a time divided CDMA signal, fre- 
quency spreaded by a spread code 
and being assigned to a time division 
time slot, based on a CDMA method; 
and 

- a mobile switching center (1 1 ). connected 
to the base station (3, 4) , for controlling 



30 4. A mobile communication system for radio commu- 
nication comprising: 
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the multiple access methods used in the 
mobile communication system, wherein 
the mobile switching center (11) includes: 

a system control data memory unit (113) for 
storing information for access method as con- 
trol data showing spreading code used in creat- 
ing the time divided CDMA signal and 
synchronization word code used in the TDMA 
signal identified by synchronization word code, 
for the communication signal used within the 
mobile communication system; and a system 
access method control unit (1 13) for controlling 
multiple access methods between a plurality of 
mobile stations (1, 2) and at least a base sta- 
tion (3. 4) within the mobile communication 
system, based on the control data. 

5. The system of claims 3 or 4, 

wherein the base station access method control 
unit (113) of claim 3 or the system access method 
control unit (113) of claim 4 stores control data for 
each access method identified by information for 
identifying access method showing spreading code 
and synchronization word code, and wherein the 
control data comprise information on transmit- 
ting/receiving powers related to transmitting power 
at base station (3, 4) , receiving power at base sta- 
tion (3, 4), transmitting power at mobile station (1, 
2) and receiving power at mobile station (1, 2). 

6. The system of claims 3 or 4, 

wherein the station has a plurality of shared signal 
regeneration units (69-1, 69-2) and a plurality of 
desired signal regeneration units (100) correspond- 
ing to multiple access methods; wherein the station 
stores control data for each access method identi- 
fied by method using information for identifying 
access method showing spreading code and syn- 
chronization word code; and wherein the control 
data include operation information of each of the 
shared signal regeneration units (69-1, 69-2) and 
each of the desired signal regeneration units (100). 

7. The system of claim 6, 

wherein the one of the shared signal regeneration 
unit (69-1, 69-2) and the desired signal regenera- 
tion unit (100) corresponding to the multiple access 
method is assigned to the communication signal 
depending on receiving power of the communica- 
tion signal transmitted from the mobile station (1 , 2) 
and received at the base station (3, 4). 

8. The system of claim 5, 

wherein the system decides a handoff of the mobile 
station (1 , 2) depending on a receiving power of a 
communication signal transmitted from a mobile 
station (1, 2) and received at a base station (3, 4) 



and a transmitting power of a communication signal 
transmitted from the base station (3, 4) to the 
mobile station (1 , 2) at the mobile station (1,2), 
wherein, based on the decision, adjoining base sta- 

5 tions (3, 4) among the base stations (3, 4) receive a 
communication signal from the mobile 
station (1 , 2); and wherein the system decides a 
handoff destination of the base station (3, 4) based 
on the receiving powers at the adjoining base sta- 

w tions (3, 4). 

9. The system of claim 6, 

wherein the shared signal regeneration unit (69-1, 
69-2) or the desired signal regeneration unit (100) 

75 corresponding to the multiple access method is 
assigned to the communication signal depending 
on receiving power of the TDMA signal and the time 
divided CDMA signals at the handoff destination 
base station (3, 4) in case of making handoff to a 

20 TDMA signal sharing f req uency and a time slot with 
time divided CDMA signal. 

10. A mobile communication system for radio commu- 
nication comprising: 

25 

stations including a plurality of mobile stations 
(1 , 2) and at least a base station (3, 4), wherein 
the mobile communication is performed 
between stations (1, 2 ,3 ,4) with a communica- 
30 tion signal (TDMA, FDMA, CDMA) using a 

determined method from a plurality of multiple 
access methods in sharing one of frequency 
and time, wherein the stations include: 

35 - a receiving unit (7-1 0) for receiving a com- 

munication signal including 

- a TDMA signal identified by syn- 
chronization word code having a differ- 
40 ent synchronization word code from 

each other, and assigned to the same 
frequency and time slot, based on a 
TDMA method; and 

45 - wherein the mobile station (1 , 2) performs 

communication with the base station ( 3, 4) 
using the TDMA signal identified by syn- 
chronization word code, and performs 
communication with the adjoining base 

50 stations (3, 4) using TDMA signal identified 

by synchronization word code that has a 
different synchronization word code from 
the previously used TDMA signal identified 
by synchronization word code upon hand- 

55 off. 

11. A mobile communication system for radio commu- 
nication comprising: 
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stations including a plurality of mobile stations 
(MS21 -MS27) and at least a base station (BS1 , 
BS2, 301, 302), wherein the mobile communi- 
cation is performed between stations with a 
communication signal (TDMA, FDMA, CDMA) 
using a determined method from a plurality of 
multiple access methods in sharing one of fre- 
quency and time, wherein the stations include: 

a receiving unit (7-10) for receiving a com- 
munication signal including: 

» a TDMA signal identified by syn- 
chronization word code having a differ- 
ent synchronization word code from 
each other, and assigned to the same 
frequency and time slot, based on 
TDMA method; and 
- a time divided CDMA signal, fre- 
quency spreaded by a spread code 
and is assigned to time division time 
slot, based on CDMA method; 

wherein the base station (301 , 302) divides 
a radio coverage (303) into a concentric 
zones centering the base station (301, 
302) , wherein the concentric zones are 
corresponding to at least a time slot of one 
of: a TDMA signal, a TDMA signal identi- 
fied by synchronization word code, and a 
time divided CDMA signal. 

12. The system of claim 1 1 , 

wherein in case that a mobile station (MS21- 
MS27), situated inside the concentric zones of 
radio coverage (303), which is assigned with time 
divided communication signal having a time slot 
corresponding to the concentric zone, moves to an 
another concentric zone, the mobile station (MS21- 
MS26) is to be assigned with a time divided com- 
munication signal having a time slot corresponding 
to a new concentric zone. 

13. The system of claim 1 1 or 12, 

wherein in case that a mobile station (MS31 -MS37) 
is situated at an outermost of the concentric zone, 
the mobile station (MS31-MS37) performs handoff 
to time divided communication signal having a time 
slot corresponding to the outermost concentric 
zone of radio coverage (30) by an adjoining base 
station (301, 302). 

14. The system of claim 13, 

wherein, in case that a mobile station (MS31- 
MS37) transmits a communication signal at a max- 
imum transmitting power and a base station (301 , 
302) receives the communication signal at a mini- 
mum receiving signal-strength based on a pre- 



determined threshold value, the mobile station 
(MS31-MS37) is determined to be situated at the 
outermost concentric zone of radio coverage (303, 
304) by base station (301 , 302). 

5 

1 5. The system of claim 1 1 , 

wherein in case that a number of mobile stations 
(MS21-MS37), situated inside the concentric zones 
of radio coverage (303, 304), each of which is 

10 assigned with a time divided communication signal 
having a time slot corresponding to the concentric 
zone, has exceeded the predetermined value, the 
mobile station (MS21-MS37) is assigned with a 
time divided communication signal having a new 

15 time slot that is not corresponding to the concentric 
zone and that is not the previous time slot. 

1 6. The system of claim 1 1 , 

wherein a mobile station (MS21-MS37), situated 
20 inside the concentric zones of radio coverage (303, 
304), which is assigned with time divided communi- 
cation signal having a time slot corresponding to 
the concentric zone, adjusts a transmitting power of 
the mobile station (MS21-MS37) to be able to 
25 receive the commu-nication signal at base station 
(301 , 302) within the level of receiving power based 
on a predetermined minimum receiving intensity, 
and 

wherein the base station (301, 302) adjusts trans- 
30 mitting power at the base station (301, 302) to 
receive the communication signal at mobile station 
(MS21-MS37) within the level of receiving power 
based on a pre-determined minimum receiving 
intensity. 

35 

17. A mobile communication method for radio commu- 
nication having stations including a plurality of 
mobile stations (1 , 2) and at least a base station (3, 
4), wherein the mobile communication is performed 

40 between the stations (1 , 2, 3, 4) with a communica- 
tion signal (TDMA, FDMA, CDMA) using a deter- 
mined method from a plurality of multiple access 
methods in sharing one of frequency and time, the 
method comprising the following steps: 

45 

receiving a communication signal including: 

- a TDMA signal identified by synchroniza- 
tion word code having a different synchro- 

50 nization word code from each other, and 

assigned to the same frequency and time 
slot, based on a TDMA method; and 

- a time divided CDMA signal, frequency 
spreaded by a spread code and being 

55 assigned to a time division time slot, based 

on a CDMA method; 

- regenerating (69-1, 69-2) one of the time 
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divided CDMA signal and the TDMA signal 
identified by synchronization word code from 
the received communication signal as a shared 
signal and for outputting the shared signal (91 . 
92); 5 
removing (73, 74) the shared signal from the 
communication signal; and 
regenerating (100) one of the TDMA signal 
identified by a synchronization word code and 
the time divided CDMA signal as a desired sig- 10 
nal after removal of the shared signal from the 
communication signal and for outputting the 
desired signal. 
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Fig. 18 
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S101 



HANDOFF IS REQUIRED: WHEN COMMUNICATION CHANNEL IS 
SET AT MS TRANSMITTING POWER OF 3 AND ELECTRIC 
FIELD FOR RECEIVING AT THE BS IS 1 (SEE Fig. 17) 



I 



S102 



MS1 COMMANDS RECEIVING OF COMMUNICATION CHANNEL 
1015 WITH CURRENTLY COMMUNICATING BS1 TO ADJOINING 
SIX BASE STATIONS. 
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S103 



USING THE CHART OF Fig. 17 SELECT THE BS NO.2, WHICH 
IS THE ONE WITH SMALLEST NUMBER WITHIN THE MAX. 
RECEIVING POWERS. 
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Fig. 21 



S121 



BEGIN HANDOFF TO TDMA SIGNAL SHARING FREQ. AND 
TIME SLOT WITH CDMA. 
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MEASURE AND CONFIRM THE INTENSITY OF SHARED 
CDMA SIGNAL AT HANDOFF DESTINATION BS2. 
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SET CANCELER AT 
BS2 CORRESPONDING 
TO THE CDMA. 



MSC SENDS COMMAND CONTROL SIGNAL TOMS 
VIA BS1 TO RECEIVE TDMA SIGNAL FOR HANDOFF. 
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SELECT TDMA SIGNAL 
CORRESPONDING TO 
OTHER MSC. 



MSC CONTROLS AND SETS MINIMUM XMITTING POWER 
OF BS2 TO GET A RECEIVING C/(8N + 19) OF MS FOR 
OPTIMUM HANDOFF. 
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CORRESPONDING TO 
OTHER MSC. 



MSC DISCONNECTS RADIO CHANNEL BETWEEN BS1 AND 
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AND MS. HANDOFF COMPLETES. 
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Fig. 22 
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Fig.24 
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Fig.26 
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BEGIN HANDOFF TO TDMA SIGNAL SHARING FREQ. AND 
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MEASURE AND CONFIRM THE INTENSITY OF SHARED 
CDMA SIGNAL AT HANDOFF DESTINATION BS2. 
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SET CANCELER AT 
BS2 CORRESPONDING 
TO THE CDMA. 



MSC SENDS COMMAND CONTROL SIGNAL TO MS 
VIA BS1 TO RECEIVE TDMA SIGNAL FOR HANDOFF. 
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